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Bacteriophages infecting Staphylococcus aureus 
2006- 2009 
Asturias (Northern Spain) 
Cow’s milk production area 
(600 x 1 06 liters/year) 
S.  aureus is a common 
bovine mastitis agent 




















Target: Staphylococcus aureus 
Staphylococcus aureus 
Biofilm in the 





Food poisoning: enterotoxins 
Antibiotic resistance 
Quality and safety of 
dairy products 
Bacteriophages as 
 biocontrol agents 
Staphylococcus aureus 
•Isolation of bacteriophages in dairy environment 
 
● Efectiveness of phages for S.  aureus biocontrol in 
 dairy products 
 
● φSauS-IPLA88 lytic enzymes 
Endolysin (LysH5) 
Peptidoglycan Hydrolase (HydH5) 
 
● Sinergistic effect endolysin + nisin 
 
Bacteriophages as  biocontrol agents 
Bacteriophage isolation 
S. aureus from mastitic milk samples 
Phage isolation: 
* Enrichment cultures of dairy samples (milk and cheese) 
* Host range 
ΦH5 ΦA72 
• S. aureus Sa9 
• Shiphoviridae (order Caudovirales) 
• dsDNA ≈ 40 kbp 
Isometric capsid (54 ± 1 nm diameter) 
Non-contractil, flexible tail (182 ± 4 nm) 
Baseplate with spikes 
Elongated head (92 ± 2 nm long for 43 ± 1 nm 
wide) 
Long non contractile tail (295 ± 4 nm) 
Baseplate with spikes 
Bacteriophage selection 





























UHT whole milk 
106 cfu/ml S. aureus Sa9 
φIPLA88 + φIPLA35 (MOI 100) 
φH5 + φA72 (MOI 100) 37ºC 
JM.Obeso, B. Martínez, A. Rodríguez, P. García (2008). Int. J. Food Microbiol. 128:212-218. 



























































Pasteurized whole fat Semi- skimmed raw Whole fat raw 
(□,Staph.  aureus Sa9), (■,Staph.  aureus + ΦA72+ ΦH5), (×, phage titer) 
 Challenge trials 
(temperate phages) MOI = 100 
37ºC 
P. García, C. Madera, B. Martínez, A. Rodríguez, JE.Suárez (2009). J. Dairy. Sci.92: 3019-26. 
Bacteriophages as antimicrobials in curd 
 Challenge trials 
(lytic phages) 
Pasteurised whole milk 




































S.  aureus 
S. a + L. lactis 
Phage titer 


























Phage titer S. a in curd 
S. a in whey 
S. a.  + (Φ88+ Φ35) 
(curd, whey) 
30ºC 4ºC 25ºC 























































 Challenge trials 
◆ Total viable counts 
 △ pH 
■ S.  aureus 
■ S.  aureus 
▲ phage titer 
◆ Total viable counts 
 △ pH 
































































Control Phage treated 
Acid coagulated cheese 
 Challenge trials 
MOI = 100 





































































Bacteriophages genome sequence 
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DNA ds 42,526 bp 
 pac 
Terminal redundant 1,940 bp  
Lysogenic  
control  
Early genes Late genes 
Bacteriophages genome sequence 
 







































































































































































































































































DNA ds 45,344 bp 





Phage-encoded antimicrobial proteins  
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aa 481  , 54.2  kDa 
pI 8.55 




21       149   483           629 
634  , 72.6  kDa 
pI 9.78 
HydH5 








































































































































































Endolysin activity in milk 




















0 1 2 3 4 
+ 80 U/ml 
+ 160 U/ml 
+ 45 U/ml 

























0 0,2 0,4 0,6 0,8

















0 2 4 6 8
    
    
      
 
    
    
      
 
    
    
      
 
MIC: lowest [Lys]   
Cell lysis, 15 min, 37ºC 
MIC: lowest [Lys]   
Inhibition of S. aureus growth, 18 h,37ºC 



























Time (h) Time (h) 
Control ♦ 
Lys7.5U ■ 
Nis 0.37 □ 
Lys7.5+nis0.37 ▲ 
Control ♦ 
Lys 15U ■ 
Nis 0.75 □ 
Lys15+nis0.75 ▲ 
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